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(5 7) Abstract: 

PROBLEM TO BE SOLVED: To provide a coated cemented carbide having excellent breaking strength as well as excellent resistance 
to peeling, wear, and crater and suitably used for a cutting tool. 

SOLUTION: A ceramic coating layer, formed on the surface of a base material composed of cemented carbide, has an inner layer and 
an outer layer. The orientational property index TC (31 1), with respect to (31 1) plane, of a titanium carbonitride layer contained in the 
inner layer is the greatest among orientational property indices, and the value of this orientational property index TC (31 1) is regulated 
to 1 .5—3. Further, the crystal structure of an aluminum oxide layer contained in the outer layer is of a-type, and respective 
orientational property indices TCa (104) and TCa (116) of (104) plane and (116) plane of this aluminum oxide layer are regulated to > 
1.3, respectively. 



(i9)0^h^/t (jp) (12) <zi: f^SI n^F<^r^K (a) en) ^rpmju^ns^^ 

^Hfl^Pl 1 — 124672 

(43)<2>^0 2^^cl 1^(1999) 5 M 11 0 



(51) Int. CI. 




F I 




C23C 16/36 




C23C 16/36 




B23B 27/14 




B23B 27/14 


A 


B23P 15/28 




B23P 15/28 


A 


C23C 16/40 




C23C 16/40 












(2i)mn#^ 


4# ^1^9 — 286827 


(7i) mmj^ 


000002130 










(22) mm & 


sp^g 9 ^ (1997) 10J3 20 0 




^B^^^BSTtf^^r^i^b^Egrre 5^=33^- 






(72)^0^^- 










^mm,^^}-mm,m^t—-r m 1 1 ^- 
















m*-%$ mm 






















(74) ^SA 





(54) imm^^w^ mmmm^^ 



(57) [^JjSfcj] 

^tL^j^»^^ ^-®<7) (31 1) s^gar^f^fg^Tc 

(311) /jHm^gan^t^^B^^irt^^S < . 

r_ cosarpi'^fB^T c (311) toYfi/js 1 . 5 £A_ti 3 j^x~f 

a B 0 ^(ia§y^^L, ^(D^bT/V5^^^ji£D (1 O 
4 ) ffii (1 1 6) ffii <7>^@Erp]'l3E^3ffc T C a ( 1 O 



( 2 ) 

1 

[4#f^§tf^cotaig] 

a „ V a % Via Jffi CO/^Hb4£7. ^fb^. JM^t&DCO 

(3 11) ffiOgfl^f^TC (3 11) /jSftll^ScOSfl 10 
C (311) er>i\K^ 1 . 5 J^.JL 3 J^"F"Cfc <9 . 

j^"Fc75^-e^^ ^^^> (io 
4 ) fficb (116) s hi <^^mr£>]teLm%k-r C a ( 1 o 

4) <t T C a (116) i. 3 £AAz~Tr$hZ> n 

[^:i 1 

Tcrhkn lchkl) f 1 y I(hkl) 1 1 20 

I(hkl): ^ *xfc(hkl) rSc^Ie]#r3-m£ 

I 0 (hkL): ASTM«£|S{- «fc S(hkl)flTcoTiC <tTiNr<7> 

*&5f€feJ iff ^^tf 

(llkl)*3:,(lll). (200). (311). (331). (420). 

(422). C511)oC»8® 

1 0 ( hkl) : ASTMIi m ( - J; ^ tx^^^ag 5 

(llkl>fet,C012)* (104). (HO), (113). (024). (116) 

co e E 

ml fE^S ^ mlfE ^ b 7- 5 ^ ^ ^ ^ ^ mrfEj^-f b^- ^ ^ 
ili^^LS->^< ^ ^ 1 /B^r^f-T^. f#*iM 1 ^SE*cCO*i£ 

f«rh£*B^fc>6 s . TCa (104) + T C a (116) > 50 



¥fm^ 1 1 — 124672 
2 

3. 5 -Cfea ^ <h &¥fmh:-f-Z> ^ f#>R^ 1 . 2 *3 J: 1/ 3 
0 4) mXSXXJt (116) S^l^< ®<75gflr&]+^fB^C^ § . 

^Tn>b O . 6 ' i fif5R^K4 

6 ] num^mm comtw?^ 1 o u mj^± 2 o u 

J^£S 4 £t m^_h 15 a. mJ^T^fcS r hi £?¥fm hi ^ ^ , 
If *II 1 , 2. 3. 4 joJ:t/5 co^-f ax^i^HEififeco^lg 

tfjfB(^I^cottjHSj^»b^^ ^^COflM^CO 8 O %J^_h 

#4L*t^ <t ^r^m^-r^. m^m l . 2. 3. 4. 

Ji^^"L, -^Ojg^iP^^mIIE¥±IlH5(C^^T 5 O /i m 
[OOO 1 ] 
[0002] 

[^^w^tfc J: ^HPJ^^^ t J: 5 ^-r^i^H] Sfig 

«9 . ^^id-fb^^*^. y^XvCVD (Chemical Vap 
or Deposition ) VSfe. if ^rffl V ^-C^fiK ^ 

[00 03] l.^- ^. rL ^ c^mmwm^r.Mr^ m v --c^p 

to Pic co J: ^ ^rtJMT-w co rfirW*£+£:fe J: u^M^t ^ 
— ^ — fi^^^T^^pni. s i/^'J^^a^pnieo J; 5 
APic^fc^s^ < afeSU**^ ^o^v^o^Iel^Sc^^v^pzc^ if-e 

[ O O O 4 ] ^^ibCOi^jlg^r^flg-r^^c^tCl. 



( 

3 

t^hi *Li-£, ft#^5ps — i 3 2 i 3 o-^-^m^^m^ 

5 — 269606 ^§-<£:miZi^ £ rL Z> X O ^ P*^S ^MBpS] 

*MSfetf>flHH*P J ^ ^Jgco^Hb^^s; ^r>^^<^*§^^ 
[o o o 5] -^Wx., ^3£f^<7) g ^E^x^Bfr+fbiKf 

'i*. mmmi±$5 x xj^m & i^— & —i± hi ^^^m^ ^ 
£r^ru. ^suxum^^ \^t-mmmtM^i&^mm-r& cz hi 

[ O O O 6 ] 

jffl^£r#¥^-r^< i^^^t^u^^m. ^^cry^mmm^- 

f£<bffit^ fit £rr*n_t<*-tir. fl^co^^^^co r^I 

£r~"T#E&--3-^ - <t(3lJ: *9 . i ; oo j# ff^j £r '^f ah U-Cf^lggl^J 

[o o o 7] ^^7fc«>, ^mmc^mmmfM^^i^i^~Fco 

^^^l^^^hl I V a . V a . Via ££^M<^#Mb 

-fe: ^ 5: ^ ^Wimm hi ^-tim $5 <9 . rtlfci^Kl 

[ O O O 8 ] ^Ilij^^b^^ £r^-T S ^^^i^/j- 

[ O O O 9 ] 
[3tfc3 ] 

TCChk ° = T^yi8 S I^i)J 

I(hkl): 3¥I^^^ Ac:(hkl)tBa^l»l^r^^ 

I 0 (hkl): ASTJVttJS^f^ «fc s (hkl)SncoTiC £ TiNco 

(hkl) (l 11), (200). <220). (311)> (33 1). (420)^ 
(422). <511)C0 8fli 

[ o o i o ] ir te:^ L?t t # . ~n c^5$:-x?m^>^rLZ> ( 3 

1 1) aoKf^tt^TC (3 11) £Sftilc7)ScO@fir^'t£ 
^^fctdJ±:K5U-C*>b^^ < . *>oSa|S]tt^TC (3 1 

i) ^^a* i . 5^±3^TT*fes„ 

[ O O 1 1 ] W-JWt-±'J>*£ < hi ^^kT/U5: — ^.Zx^^r^- 
^bT/i- ^ ^ AJico^ H H B ^it^ a §U ^r^" L, CL cry 

[ O O 1 2 ] 
[iC4 ] 



3 ) 1 1 — 124672 

4 

TC.(hkl) Ichkl) | 6 Z- I#(Wd) | 

I (hkl): gfl^ £ ti^(hkl) ifiic?3[Ml^'jS;it 

I o (hkl): ASTM^S 2fi Jl aoc*S^.^§3^^^ 5- ^-co 

(hkl) ® ^>«&3NIeJ^r5*^r 

(hkl)i^.(012). (104), (HO). (113). (024). <1 16) 

lO [OO 1 3] hlj^mX^t^hl^, ^cOi^TS^KS (1 O 

4) ffit (116) ffi ^ <7)&-mi*]i*£immcT C a ( 1 O 

4) <t T C a (116) hi 1 . 3 J£i._t-C2b S 0 

[oo i 4] j^^-fb^^ i^^iar^tttciov^-cf^ gar^t* 

^^CTC (311) £r 1 . 5JL^_tir-T<S^ <t «t <9 , m 
^Wm^^^t < r*]-t£-^:<5 CL hi rt^mhi t£ K) . Mco 

< t^]±t5 0 /--/-^ sar^-f^^tfcT c (31 
i) ^ 3^ r ^^ L ^ ) i r> — ^^T^<75@Er^/j-e^< ^^ii^s 

20 [ o o l 5 ] A- . mitzrsu^ ^r>^S<^>SBrRFtit--ov> 

"Cflt. lai^TOiStT Ca (104) irXCa (116) 

1 . 3^±ir^SC^^ct hi mm hi 

^i hi ^^P^J^-^rS^i:^ "Tt^ ir^*9, flfwl^fttt <b 

[oo i e] £xj=.o>p^m hi*\~m hicomm, mmmcom^ 

{ai^btciic ^^^^r^i-t -r. hi A$*jmhi t£Z>cr>-x?&> 

30 So 

[oo i 7) _tta^lSS^5ig'^^kt-^v>-r{^;. p^;g^ 
*5 ^ Tj-mm.it^- ^ £- v tzz>m7!)*thmr£*vz>'J?*£< hi 

S¥^^^5Mf^^^>6^^< hi ^ 1 l?r^tS £ 2S#?;fe U 

[oo i si .tfBco^^^fljg^^tzi^i/ ^xd, ^m^m 

40 d <b t5S$? ^ 

[oo i 9) jimcommTm^M^^i^^s^ >-cf^. ^mcom 

i\^~T ^ % =■ ^> J^cr>m[»i^m^C^, TCa (104) +x 
Ca (116) > 3 . 5 -ezfeS ^ <b LV> D sfc fc., 

^l^l^^ip^l-c. g^-fb^yi^ ^^^-^/B^^dV^-c. (io 

4) s^io? (116) m&\%$< mom^'i^mm^, ^ 

^"^^O. 6 JL^-F-CfeS CI hi ^ J: «9 LV> 0 

[O O 2 O] _tHB£0^^^5jE-^^t^^5V>-C{^:. co 
/gJ^/$S 1 O ju mJ^_h 2 O u mtU~F-efc «9 . ^m^^i^'T 

50 £ >&S£f3= tv\ 



( 4 ) 



¥?mw- 1 i 



12 4 6 7 2 



[O O 2 1 ] f^^^bT^^-^ixlTlifl^^^ 

M^^ti/i^o^ ^^mo^mm^: hi ^ ^ hi ^ x 

3 * rrnr^ u~ <fe^r&]_t d <b *s^^ 

/to ro^^it#tr, WimmGommm&r l o ~ 2 o a/ m 

tts ^ hi «t t? . j= v $j33ktti^m^rLZ> a fc^*L, g£ io 

[ O O 2 2 ] JblScO^^^SJS^^i^^V ^T(i, ^^7 

8 o %jy>_t-e;fos n <t 

[ o o 2 3 ] j^^fb^^ >- t^b7^^ — <k -cteu 

[ O O 2 4 ] d W l i ] ^j*cDS^b7^ ^ — <7 -^/Sf4:. TC 
a ( 1 O 4 ) I T C a (116) > 3 . 5 "C?5^^>T C a 
( 1 O 4 ) > TC a (116) -T?^f# ^ S 0 

[0 0 2 5] ^^f^M^Sf^^^^P^T^S (flU^ 30 

ffit4° KrtcO«# COS) 7?J!il^^S^tt_hH\ 

&mi~t s tcM -e-^^- ^ d ^-^j*ff -e 5 o g 
to o 2 6] i^i^iz.^mmcomm<7>mmjjfet-^^^-cm 

-f- ^m^mm^^T i c l , ch 3 cist. n 2 

II, <h tfj^^^^^co^^^^co J: -5> i^mW L.~CF& 

sirSo -r/^^-^. ^fl^^xjsg^^^ i 2 o^cor^f* (t i 

Cl., -4-CH3 CM) XV — ^^^^S^it^^r^^J- 40 

[ O O 2 7 ] , ^^mo^mi\^T ^ ^ ^ ^Sf^:. A 

[OO 2 8] ^f*W^a7/^^ ^c75lBr&]t4(D^(L JiA 

"Fco^v^t^ i s 0 j£~r\ 7^5 ^ETii^-elSS bfc 

7;w^ ^-^BH £r m S ltu3C CO /CO, -tt/^ 

O . 3 J^~F. Pc,, o . 3 ~ O . 6 T o r r cO^ffi^, 50 



-fb $-tir. ^CO^IC 1 OOO—l 05 0 0 C(7)^itT7^ 5 

cow-^mmm^m-it^i^^mj^^ x <o . t-^ ^ -mucosa 

~T 7«i¥^^^LS ^- hi lei -o-c t>gBr^]+*^r^-fb^ 
its -n <tr ^isiHfe-efcS 0 

[OO 2 9] ^WHTltLTT iNdW^ 

l^iDL^T i BNji^ffiV^^i:ti, ±S0^7^ 

[OO 3 0] ^^gUTt^. ^M^St^y^^ 
[O O 3 1 ] ^7t. ^^^-C^. T'yw^ 

[00 3 2] ^7- . zlox ? tzfmmmz&mi^x <o ^ wm 

INTS-C 1 O k g /mm 2 iZl^F^ ~ClS:Mi ^ ^ S C t tC 
«9 . ^coM^^^^t-rSS5b^:^r^]-h^^rS hi hi 

[ o o 3 3 ] ^ mm^^mtt(T>m^^-^m\t & >- 

■^rco^:^-^^Fta^(ci*3v ^-r 5 o ^ mJ^-F^fcs^f /s^/j^ 

^ ^x7c^iiM-^^ hi cr>^mm^3 x i/^rSM 

[ O O 3 4 ] SM*rS1ii^coil^- 5 O ^ m^T" U7c 
co^, 5 O ju m^r^^iS ir^O^U^tc^S^fS-ie^^M'te^ 
^foSV^ii#tt^7)5^ l^SftfCn^T^fcs ;fc#>-c\ 5 O ju 

[00 3 5] /«c*3 % ^^ff^iie^. f9^p^nr^5 

%&mmmm.hi-rz> ?l <t^M^^#s 0 

[ O O 3 6 ] 

[ O O 3 7 ] ^^E^J 1 
SMi LTWT<7)A~D CD^R^^ C NMG 1 2 O 4 O 8 



( 5 ) 



¥rm^ l l 



12 4 6 7 2 



co mm & m-r awe mmzM^-st m& $r mm u ^ 

[ O O 3 8 ] 

A : WC — 9 %C o — 2%Z r 

B :WC — 6% Co — 2 % Z r 

C : WC — 9 % C o — 4 % T i 

O : WC — 6% Co — 2%Z r 



C N — 4 %N b C 

C N — 3 % T i CN 

C N — 4 % N b C 

C — 3 %T i C 



m . x i c!^J;i;t i BNl^>/^< <b l> — /F? 

[ O O 3 9 ] 
1 1 





No. 






*> 


<DflJE<?*( fj m) 


AI 2 O a 








TiN 


TiCN 


T i G 


T iBN 


Al 2 0, 


TiG 


TIN 


C/i m> 






la — « 


B 


O. 5 


S. 5 




O. 5 


3. 5 






3. 5 


14 




2a — c 


B 


O. 5 


3. O 




O- 5 


16. O 


O. 5 


O. 5 


16. O 


21 




3a~c 


A 


1. O 


7. O 




O. 5 


7. O 




O. 5 


7. O 


16 




4a— o 


A 


O. 5 


5. O 




O. 5 


4. O 






4. O 


io 




5a-o 


A 


O. 5 


3. O 


1. O 


O. 5 


15- O 






15. O 


20 


33 


6a~c 
7a— c 


B 

C 


0. 5 

1. O 


4. 5 
5- O 


2. O 


O. 5 


3. 5 
7. O 






3. 5 
7. O 


9 

15 




Sa— e 


C 


1. 0 


7. 0 






7. O 






7. O 


15 




9a~c 


D 


O. 5 


3. 0 


1 . O 


O. 5 


15. O 






15. O 


2Q 




10a 


A 


1 . O 


6. 0 




O. 5 


7. O 






7. 0 


14. 5 


tt 


1 la 


B 


1 . O 


10_ Q 




O. 5 


7. O 






7. O 


18. 5 




12a 


B 


O. 5 


8. O 




O. 5 


7. O 






7. O 


16 




13a 


A 


1. O 


7- O 




O. 5 


7. O 






7. O 


15. 5 




14a 


A 


1. O 


7. O 




O. 5 


2. O 






2. O 


IO. 5 



[0 0 4 0] A~C^f->y;i-coSM^/i^{-(i, WC 

B^/ipl^^SW A : 2 5 ju S W B : 5 O jll 

C : 5 5 ul m-efoo/c 0 f - >^ /l^D COSW^® ^ fi^il 

[ O O 4 1 ] (T i N ) 

: 9 O 0°C, JdE^J : 1 2 O t o r r „ 

BtJ^Jf^mrfc : mm%-xr. 4 6 %H 2 — 4 % T 

— 5 O 

(^^^fSj 1 — 9 TT i CN) 
T i CNS (HtJ^ 1 2 : 

: 9 O 0°C S BE^J : 5 O t o r r . 

6 8 . 
C N - 



C 1 



6%H, - 
3 O 



2 % X 



i C 1 . — O . 2 % C H 3 
T i CNji (^^^9 ) : 
r^-J^ : 9 O 0 0 C, EE^J : 5 O t o r r „ 
BLl^Jf^mtfZ : mm%-C^ 7 6. 6%H, - 

i C 1 .1 — 1 . 2 % C H 3 C N — 1 5 %N, 
(T i B N/g) 
?&/^ : 9 8 0°C S J^Jl : 2 O O t o r r . 
BLJfcJf^mtfZ : ^*%"^% 4 5. 5%H, - 

1., — 4 9 % N 2 — 1. 5 % B C 1 3 

(Ala Q 3 /S) 

r&J^ : 9 8 0°C S /E^J : 5 O t o r r . 

^J^vt/^#m/5& : mm%~Xr^ 8 7 %H 2 — 9 % A 1 C 1 : 



— 4 % C O2 

ct i cm~) 

lM.m : 1 O 2 0 0 C. 

— 5 % C Hi 

1 1 ) S<7}[H]#f — 

^ 9 „ (11 

^t c -^ -efe^> (1 

CL <t /J ^ . T i C N 
£rM C-^CWC ( 1 1 
^7^. ^g-I^HSf-^ X i 

[ O O 4 2] 

[3ft 2 ] 



J^Jl : 5 O t o r r . 
%-C. 9 2%H, — 3%X 



i C 1 



^^7t 0 ^ cO[^. X i CN/SCO (3 

^ ttStfwwc (111) [in 

1) ffi<7^ ^7 ^^(j;^ (WC 

O 1 ) X O . 2 5 

(311) iiLWL^^m/y- ^ 

1) 

C N^^gBfRit^^r^ 2 {3i^:-r o 



2 %T 



4 % X i C 



( 6 ) 



9 







TC (3 1 1 } 


-e-<Dftfi TG(hkl) 




— ■ 

1 




2. 9 


TC(422)=1 . 2 




2 


1. 5 


<1 . O 




3 


2. 4 


<i.o 












4 


2. O 


<1 . o 








<1. o 


5 


1. 5 


i*i 


6 


1.9 


<1. o 


£o 


7 


2. 1 


<1. o 




8 


2. 3 


-< 1. o 




9 


1.5 


<I.O 




10 


3. 2 


TCC422)=1 . 6 


it 


11 


1.4 


TGC220) =1 . 9 




12 


O. 9 


TC (331) =1.4 




13 


2. 4 


<l.O 




14 


2. 4 


< 1 . o 



¥j=ffl^ 1 1 — 124672 
10 

[ O O 4= 3 ] 31 CO^^ri «9 N ^^gP^cOi^^-37°yU(75 T i C 

N/Bfit. u^-r^^ (311) Sirgaroi u-c*5 «9 N @fir*]tt 
[ o O 4 4 ] 

1*3 ] 







A= 














m 

Ma 


TC.(1 04) 


TC.O 1 6) 


A+B 


TC„Chkl> 




(AkOa/TiCWxl OO 
(96 > 




1 a 


1 . 3 


1 . 6 


2. 9 


1 2 


or 






1b 


1 . 4 


1 . 4 


2. 8 


1 2 


or 






1 c 


1. 6 


1. 3 


2. 9 


1 ^ 


or 






2a 


2. 3 


1 . 5 


3. 8 


O. 6i£ 


ex 






2b 


3. O 


1 . 4 


4. 4 


O. 6 2: 


<x 






2c 


3. 2 


1.4 


4. 8 


o. eS; 








3a 


2. O 


1 . 5 


3. 5 


1 2 


ct 


86 




3b 


2. 8 


1 . 4 


4. 2 


O. 6g 


ae 


85 




3c 


3. O 


1.3 


4. 3 


O. 6> 


at 


87 




4a 


1.3 


1 . 6 


2. 9 


1 ^ 


Of 


88 




4b 


1.4 


1. 4 


2. 8 


1 ^ 


or 


88 




4o 


1.6 


1. 4 


3. O 


1^ 


or 


89 


SB 


5a 


2. 3 


1 .5 


3. 8 


O. 


Of 


81 




5b 


3. O 


1 . 5 


4. 5 


O.fiS 


Of 


ao 


38 


5c 


3. 2 


1 . 4 


4. 6 


O. 6 2 




SO 


6a 


1 . 3 


1 . 6 


2- 9 


1 > 


or 






6b 


1 - 4 


1 . 5 


2. 9 


|2 






Si 


6c 


1.5 


1 . 4 


2. 9 


1 2= 


ex 






7a 


1 . 9 


1 . 6 


3. 5 


1 2 


a 


85 




7b 


2. 7 


1 . 5 


4. 2 


O. 6g 


a 


84 




7c 


3. O 


1.4 


4. 4 


O. 62 


ex 


86 




8a 


2. O 


1 . 5 


3. 5 


1 2 


ex 


84 




8b 


2. 9 


1.3 


4. 2 


O. 62 


Oi 


85 




8c 


3. 1 


1 . 3 


4. 4 


O. 6> 


ex 


85 




9a 


2- 4 


1. 4 


3. a 


O 6 2; 




82 




9b 


3. 1 


1 . 5 


4. 6 


O. 6 2 




80 




9c 


3. 3 


1. 5 


4. a 


O. 62 




81 




lOa 


2. O 


1. 5 


3- 5 


O 6 2 


<x 


85 




1 1a 


1- 9 


1. 5 


3. 4 


O. 62 


at 


85 




12a 


2. 1 


1 . 6 


3. 7 


O. 62. 




84 




13a 


1. 2 


1. 2 


2. 4 


(012)=1 . 6 




70 




14« 


1. 4 


O. 8 


2. 2 


OlO>=1. 8 


ex 





[0045] d ^ -j-f&mwicoT i b ^m^tmco 

b N 1 c ^^5ct5(r*IEL-C*^{c:/T:Lfc: 0 3Ld-C\ 
C O/C 0= = O . 3 f^^l- a "Cf3: Pc n -z = 

O. 3 t o r r . 1 O b Tj-fiPc 02 = O . 4 t 

o r r N 1 2 ff^if c -Cflfc P<- o 2 = O . 6 t o r r N 



1 5 ^>^^fc#M4=£rffl 1^7^ ti^-cfc^o 

[O O 4 6 ] *^fi(7)T i C teWzmi&Q&ffi 

7c: 31 t^oTt ^ 0 * 1 . 2 *3 «fc TJ* 3 Id (3: 

i: 1 CO 7t 1 31 ^ 5fe (jrb^o^) t> #f *fc^7C: 0 tb^feiSi 

1 o~i 4 cot i c NBHcoj5%j]im v j^-rtci^-r^^-etT 

50 ?t£ -o 7CL 0 



( 7 ) 



11 

[ O O 4 7 ] (T i C JSSfm Ctt^tS 1 O „ 11)) 
: 9 O 0 0 C, J±Jj : 5 O t o r r „ 
&Lt&Jf ^mtiSZ : 7 6. 6%H, —7. 2 %T 

i C 1 -, — 1. 2%CH 3 C N — 1 5 %N 3 
(T i C N/S (J±tf?SE,K, 12)) 

: 1 O O O XZ^ ttJj : 1 5 O t o r r . 

Bo^^f ^mhk : mm%T:^ 9 0%H 2 — 4 %T i C 1 , 

— 4%CH., — 2%N a 

^7t. it^fp 1 3 *3 J^tJ< 1 4 cozrsu * ^-jg J^-F4C^ 

[ O O 4 8 ] (7-/1- 5 CtbtfetHi 13. 14)) 

: 1 O 6 O XZ^ m?3 : 6 8 t o r r „ 

: ^m%~c\ s 5 %h 2 — 9 % a 1 c 1 3 

— 6 %C 0 2 

(7-^1- 5 -^«ff|WT i B N^^ffit^^b^OfBSi^fT^C^ 



[ o o 4 9 ] (-BOgiJ^f* 1 ) 

tS^'JW : S C1VL 4 1 5 

mmmm ■. 4 o o m/^m i n 

^ K> : O . 3 0 mm/'' rev 
^DaA7y- ; 1 . 5 mm 
i30t5UH#Pfl : 155) 

t&WSgki* 2) 
^SUfcT : F C 2 5 
"•sUB'Ji^^ : 3 O O m/^m i n 
&5 9 : O . 3 mm^ rev 
gD5A.7*- : 1 . 5 mm 
i30NUH#Jffl : 3 05) 

[ O O 5 o ] 
[3^4 ] 



4#|H^ 1 1 — 124672 
12 





S**4 
No 








(mm) 


-s? l — *m*% 






la 


O. 15 








lb 












a. 12 








2a 


a. 11 


JSC U 






2b 


0. 10 


^ u 






2c 


O. OS 


u 






3a 


O. 12 








3b 


O. IO 


ta u 






3c 


O. 1 1 


L, 






4a 


O. 15 


/J* 






4b 


O. 14 








4c 


O. 13 


/J* 




SB 


5a 


O. 11 








5b 


O. IO 






OS 


5c 


O. 09 






6a 


O. 18 








6b 


O. 17 








Be 


O. 15 








7a 


O. 16 








7b 


O. 14 


'h 


*^«P7^5^ir«J'J?.?i.ti^SI^ y 




7o 


O. 13 




«t^«fi7A^f ^lim^^r y 




8a 


O. 14 


/]<* 


tft^*fi7A^M£'jAK ?itt±m^w y 




Sb 


O. 13 




«t^«(S7A5^»j->. ^li^s^ y 




8c 


O. 12 


'J* 


«E^«P7Jt5^U^.f*13fc^3y*- y 




9a 


O. IO 








9b 


O. 09 








9c 


a. 08 








10a 


O. 32 


^ U 






11a 


O. 49 


C7*3WJ> 


TiCN ^* .7A5-^^«JSkLL^ 


» 

ft 


12a 


0. 50 




T i CN Vtfitt' >r , 7A«7V^USSk u t> 




13a 


O. 16 


^ (7AS:H8»gi) 






14a 


O. 18 







[ O O 5 1 ] 



( 8 ) 



4#BBsp 1 1 
14 





No. 


« PH $ ^ 2 




(mm) 


J-j | . J*m tf± +r 


flPioyT-yt: ^7 , WafXw 




la 


O. 24 


'J* 


i*^^' >7* /J* 




lb 


O. 23 




*fff7f 




1c 


Q- 22 








2a 


O. 21 




^s^^t* >7* w y 




2b 


Q. 18 




m^fvt >r y 




2o 


O. 17 




*ft§s-*7t" >7* =fr y 




3a 


O. 20 


'J> 


/j> 




3b 


O. 18 








3c 


O. 18 








4a 


O. 24 


']> 






4b 


O. 22 








4c 


O. 21 


>I> 






5a 


O. 1 7 


U 






5b 


O. 15 








5o 


O. 14 






6a 


O. 28 


'J> 


'J* 




6b 


O. 26 








6c 


oi. 25 




yjv 


7a 


O. 25 








7b 


O. 23 








7c 


O. 22 




«I^SB7^5+n7>i^ 




8a 


O. 21 








8b 


O. 20 


'I* 


3^^SP7^t^7';^ 




So 


O. 19 








9a 


O. 16 








9b 


O. 15 








9c 


O. 13 


££ L 






1 Oa 


O. 39 








11a 


O. 60 




TiCN*7t" >7' . A7'J 




12a 


O. 63 




S*5SL*fl TiCNf^L' >7'.^7'J 




13a 


O. 24 








14a 


O. 23 


J* C7JUS+«E$ii> 





[oo5 2] ^ cof^m^^ ^ „ 

[ O O 5 3 ] mttiM 2 

mmm i l ^ -9- > t° 

a % 2 a . - - • . 6 a £rffl 1/ ^ ^jjxtw 
7^ 0 ^(7)^aiCj; "5, 1 a „ 4 



p° D -c £bi£ .tti£ 

W£hi . u ^ 

L/cm, S i C 

a feet 6 a -C^^ 
ifcTt. £fc|Sf 2 a % 



2/ / 3~i/ / 2{d/^^ ) ^ -t-^a^tir i/ Sffi^^a 

^^■^rfflU ^ h mm&m Ly-cl^M l a H B — 6 a 

HB^lLfc D Clix^tci-ou^-rti:. X^tnitff^m^r^ 
l/^-C. sin" 0&^J: ^ rtfWT i C N/BCO^^/^^J 

Lfd^^* 6 id. ^*fii#y i cewm^k^ i fe^o 5 

-To 
[ O O 5 4 ] 
] 



aA*4 


1 1 5ft y SI *l (kg/mm 2 ) 


t**4 


§ 1 5ft y 3* WJ35 (kg/mm') 


1aH 


12. 5 


iam 


3. 0 


2aH 


18. O 


2aHB 


9. 5 


3aK 


14. O 


3aHB 


5. 5 


4aH 


13. O 


4aHB 


3. 2 


5aH 


17. 5 


5aHB 


9. 2 


QaH 


13. 3 


6aHB 


4. O 



[ O O 5 5 ] 



« 7 ] 



( 9 ) 



ttm^ 1 l 
16 



1 2 4 6 7 2 



[ O O 5 6 ] 





Ut*4 




Kfi m 






i 




No. 


i&i-ffSa&$€ Ctn) 










1 aH 


O. 12 














2aH 


O. 09 


<*: U 












3aH 


O. 09 


*S> 






fe U 






4aH 


O. 1 2 








fe U 




m 


5aH 










feU 




6aH 

1 aHB 
2aHB 


O. 15 
O. 11 
O. OB 


'J* 
'J* 






fe U 






3aH0 


O. OB 


'J* 






feU 






4aH8 

5 a> IB 

6 aHB 


O. 1 1 
O. 07 
O. 14 


'I* 






feU 












[ = 


Si 


8 ] 




















No. 


iil fmiU-ti Ciran) 






Mi 




1aH 


O. 21 














2a H 


O. 18 














3aH 


O. 16 












*z 


4a H 


O. 21 














5a H 


O- 1 4 


JUL 










6a H 


O. 24 


'J^ 












1 aHB 


O. 20 


<l* 






feu 




m 


2aHB 


O. 17 








feU 






3bHB 


O. 16 


*> 






feu 




4 aHB 
5aHB 
6aHB 


O. 19 
O. 13 
O- 22 


*h 






feU 
feU. 
feU 





V ^fet^M- 1 a II — 6 a H "C f lfc 3 I <9 ^^gj^^ ^S-f--<-c 1 

^•^5 U-T^fsW 1 aHB - — 6 aHB -Cflfc^l ~o 3§ «9 miglfcJj 
*fc7~'y^ h^a^JfiL/c^ifl a 1 1 13 — 6 a II B "C 

m^^^^mm- 1 a i-i~ e a Hc^m^ {9 t^n^^^ 

^> 0 ^^P^^«6iaf*_tfSU7tt^P^-^f^^< -C4#f^Ff*^to 



J; -C^t- ^ ^l. 4# 



[ O O 5 9 ] 



^> CI h iz. Ji <9 % -ffi^L/^M^^U^S 



